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Abstract: Crowdsourcing is an approach to delegate a task to a large group of 
people, which then suggests their own solutions for the defined task. The 
objective of this study is to model and describe the structure of the 
crowdsourcing research community and topics from the social network analysis 
(SNA) point of view. By applying systematic review we found 493 
crowdsourcing publications which were made by 1102 authors. We observed 
degreasing annual growth in terms of number of publications and authors, 
resulting leveling interest towards crowdsourcing among scholars. 
Collaboration within the diffuse crowdsourcing co-author network was tighten 
only slightly. The structure of author and keyword network differed 
significantly in term of number of components. Among 1050 co-authors we 
found 237 subgroups, while in the case of 1243 keywords we identified only 61 
interlinked research themes including the substantially large main component 
which covered 84 per cent share of all keywords. 
Keywords: Crowdsourcing, Social Network Analysis, Co-authorship, 
Keyword 
 
1 Introduction 
Crowdsourcing has gained an interest among academics and practitioners ever since the 
term was coined by Howe (2006). A definition for crowdsourcing has been recently 
provided by Estellés-Arolas and González-Ladrón-de-Guevara (2012) who found and 
analysed 40 original and partially conflicting definitions. In addition Zhao and Zhu 
(2012) conducted an extensive critical examination of existing crowdsourcing research 
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from information system perspective (IS) and introduced a conceptual framework to 
prescribe main research objectives of crowdsourcing. In crowdsourcing a task is 
delegated to a large group of people, which then suggests their own solutions for the 
defined task (Howe, 2006). Some authors believe that crowdsourcing is just a buzzword 
and are very skeptic towards it, while others see high potential of it to accomplish various 
activities (e.g. Poetz and Schreier, 2012, Whitla, 2009, Parameswaran and Whinston, 
2007, Eagle, 2009).  
However, it seems that the theoretical knowledge base of crowdsourcing is still in its 
infancy. As a result several uncharted research directions have been suggested such as 
social issues of crowdsourcing (Brabham 2008, Whitla 2009). Thus, there is a research 
gap, which this study aims to fill by examining crowdsourcing phenomenon from the 
social network analysis (SNA) viewpoint. In other words, the purpose of this study is to 
get insight on crowdsourcing publications and relationship amongst authors via SNA. 
This paper is organised as follows. Firstly, we introduce theoretical foundations of 
crowdsourcing. Secondly, we present our research design including research objectives, 
data collection, social network analysis as a method and introduce the key variables. 
Thirdly, we present our results based on network analysis. Finally, we conclude with our 
findings. 
2 Theoretical foundations of crowdsourcing  
2.1 Crowdsourcing as a part of online social network and open innovation 
phenomenon 
When wide range of people and their different but complimentary insights are 
brought together, novel ideas generated by thinking outside the box are possible 
(Santonen, 2009). Online Social Networks (OSNs) (also known as a social media) 
including crowdsourcing services are generally referring to communities and hosted 
online services enabling collaboration (Cachia et. al. 2007) and the creation and exchange 
of user-generated content in which the consumer is the creator, consumer and distributor 
of publically available content (e.g. OECD 2007, Le Borgne-Bachschmidt et. al. 2009). 
In the context of innovation management, user-generated content can be related to user-
driven innovation strategy, which emphasizes user’s involvement in all development 
phases from initial idea generation to final launch and production. All this is a part of 
boarder open innovation strategy approach, which combines internal and external ideas as 
well as internal and external paths to market to seek business success (Chesbrough, 
2003). Basically all these strategies suggest that instead of doing everything by yourself, 
you should look also for help from external resources e.g. via crowdsouricng. This is 
important since the network economy believers associate business success with the 
ability to co-operate with external resources and the circulation of know-how (Pöyhönen 
and Smedlund, 2004). In context of information systems (IS) similar kind of 
collaboration approach is typically referring to open source software 
(www.opensource.org). Open source does not only mean access to the source code, but 
also e.g. users' freedom to run, copy, distribute, study, change and improve the software 
depending on the terms of use. A large group of people working independently to achieve 
shared outcomes through communication technologies and loose voluntary networks is 
also known as mass collaboration (Tapscott and Williams, 2006) or mass innovation 
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(Santonen, 2012). It is evident that without OSNs and supporting information systems 
this kind of crowd or mass collaboration would not be possible. 
2.2 Introducing the body of knowledge on Crowdsourcing 
The literature review based crowdsourcing studies have clear limitations from 
innovation body of knowledge viewpoint. The conceptual framework proposed by Zhao 
and Zhu (2012) approaches crowdsourcing mainly from IS perspective, whereas Estellés-
Arolas and González-Ladrón-de-Guevara (2012) focused only to the definition and 
contextual aspects. Other crowdsourcing studies have been explored various individual 
issues and that are discussed next.  
Usefulness of crowdsourcing for idea generation and problem solving has been 
discussed for instance by Whitla, (2009), and Poetz and Schreier (2012). Crowdsourcing 
for problem solving in public and private sectors is also studied (c.f. Brabham 2008, and 
Jeppesen and Lakhani 2010). There are also studies regarding crowdsourcing in content 
distribution, marketing and advertising purposes (e.g. Parameswaran and Whinston, 2007 
and Whitla, 2009). In addition, the role of users in innovation process is discussed for 
example by Fuchs and Schreier (2011).  
There are several advantages crowdsourcing can bring along but there are also 
disadvantages (Simula, 2013). One issue with crowdsourcing is the question of how to 
attract a large number of individuals who has time, willingness, and skills to contribute 
towards crowdsourcing initiatives. The incentives to do so have been discussed for 
instance by Eagle (2009), Feller et al., (2012), Zichermann and Linder (2010).  
Motivations and reasons to participate in crowdsourcing is discussed by Antikainen 
et. al., 2010; Brabham, 2010; Hossain, 2010). The motivations can be intrinsic or 
eccentric but typically monetary rewards are used to motivate participant. According to 
Feller et al., (2012) presence of rewards increases future participation rate, and absence of 
it may lead to have negative effects. Terwiesch and Xu (2008) believe that rewarding the 
best solution with a fixed amount is optimal when quality of the solution depends on 
many unknown factors. 
Apart from typical incentive, a growingly used incentive is utilization of gamification 
(Zichermann and Linder, 2010). The concept aims to create a task entertaining similar to 
online games and it helps to engage crowd to perform tasks through gaming. One specific 
domain of where crowdsourcing has been utilized is distribution of simple tasks to many 
individual what is labelled as microtasking (Howe, 2008; Eagle, 2009). Additional 
application of crowdsourcing is to use it to raise funding for various projects i.e. 
crowdfunding (Lambert and Schwienbacher, 2010; Belleflamme et al., 2010).  
Additional research avenue is to investigate crowdsourcing in business-to-business 
domain (e.g.. Simula et. al. 2012; Simula and Vuori, 2012). There are also discussion on 
success and failure of crowdsourcing initiatives (Schonfeld, 2008; Simula, 2013),  
2.3 Amazon Mechanical Turk as an example of Crowdsourcing service 
In order to illustrate possibilities of crowdsourcing Amazon Mechanical Turk is 
presented as an classical example of crowdsourcing and microtasking. Amazon 
Mechanical Turk (MTurk) was launched in November 2005 (Ross et al. 2010). 
According to Paolacci et al. (2010) MTurk is “a crowdsourcing web service that co-
ordinates the supply and the demand of tasks that require human intelligence to 
4 
 
 
complete.” (p. 411). In practice this means that human beings still can do many tasks 
more effectively than computers (Iperoitis 2010). According to Amazon these tasks are 
for instance identifying objects in a photo or video, performing data de-duplication, 
transcribing audio recordings, or researching data details. (Amazon, 2012). The MTurk 
workers come mainly from developing countries - for the demographic distribution of 
worker see for example Ross et al. (2010). This has created some ethical issue Fort et al. 
(2011) Additional issue with MTurk is that how to verify the quality of the submitted 
results (Ipeirotis et al. 2010).  
3 Research Methodology 
3.1 Research Design 
The goal of this study is to model and describe the structure of the crowdsourcing 
research domain from the social network analysis (SNA) point of view (e.g. Wasserman 
and Faust, 1994). First, by applying systematic bibliographic analysis and standard 
methodology of SNA (Borgatti et al., 1992), we identify who are the key authors based 
on co-authorship relations and what kind of ties have been constructed among these 
participants. Second by extending SNA also to keywords (e.g. Motter et. al. 1999, Hori 
et. al, 2004), we are explicitly modelling the different crowdsourcing themes and their 
inter-linkage with each other. Third, by examining author and keyword networks from 
temporal evolution point of view, we are identifying the historical evolution of 
crowdsourcing research community.  
3.2 Data Collection and Sample Selection 
The unit of analysis in this study is a scientific crowdsourcing publication. Following 
systematic bibliographical search strategy was conducted in order to identify all the 
relevant studies within our research focus. Data sources. The crowdsourcing is a broad 
and infancy concept. Thus, besides innovation management scholars, it has gain an 
interest among multiple other disciplines, especially in the field of information system 
(IS). Therefore in data source selection, we followed similar strategy as Zhao and Zhu 
(2012) and did not limited the databases by the academic disciplines. As a result 
following scientific journal databases were added to our bibliographical search: 1) IEEE, 
2) ScienceDirect, 3) Emerald, 4) ACM, 5) SAGE, 6) Springer, 7) Wiley, 8) InderScience, 
9) Taylor & Francis and 10) World Scientific. 
Search terms and fields. In order to identify truly relevant crowdsourcing 
publications, in the final dataset we included only the publications, which had 
crowdsourcing (or some relevant inflection) as a keyword. Only some of the above 
introduced databases allowed keyword–field specific search. Therefore, if the word 
“crowdsourcing” was found in the title, abstract or keyword list of the publication, it was 
included in the preliminary dataset. Furthermore only the publications in English 
language approved. 
The final selection of publications. After cleaning up the data and correcting obvious 
spelling errors and unifying plural and unit wordings within all the keywords and author 
names, we end-up having 497 publications, which originally had crowdsourcing term as a 
keyword. On top of these publications, 25 publications included somehow differently 
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spelled crowdsourcing term as a keyword. Typically these variations were based on 
combining crowdsourcing with some other term(s) either before or after the 
crowdsourcing term. The combined variations included such terms as process, 
innovation, service, data, mobile, enterprise, implicit, platform, evaluation, quality and 
social web. In few cases we observed crowd sourcing spelling instead of crowdsourcing. 
In order to unify the dataset for the further network analysis, alternative keyword 
spellings were replaced by the simplified crowdsourcing term. Next, duplicate cases were 
identified with the help of SPSS by comparing the titles of the publications and then 
verifying that also authors and keywords were the same. In one of the duplicated cases, 
the number of authors had increased by one. In few cases the order of the keywords had 
changed a little bit. Since the keyword order does not effect on the relationship result, this 
difference was bypassed. In three publications, the number of keywords had increased by 
one keyword. In those cases the publication having greater amount of keywords was 
selected. As result 29 publications appeared to be duplicated case (i.e. same title, authors 
and keywords). Thus, them were included only once in the dataset. In all we had now 493 
valid and individual publications for our analysis. 
Since only some of the selected databases allowed keyword–field specific search 
functionality, additional fields were used during the search process. Therefore original 
search results included also 21 publications which had keywords, but within those 
keywords crowdsourcing (or some kind of variation) term was not detected. Moreover, 
we also found 63 publications which did not include keywords at all. In the case of 84 
publications without crowdsourcing keyword, 52 of them (i.e. 62 per cent) include 
crowdsourcing term in headline. However, in order to ensure comprehensive and solid 
dataset including both author names and keywords, we omitted these publications from 
the further analysis. This filtering decision must be considered as a potential error source. 
3.3 Social Network Analysis as a method 
An extensive body of knowledge regarding social network studies exist (e.g. 
Wasserman and Faust 1994, Scott 2000, Watts 1999) while the advantages of researchers' 
collaboration has also been popular topic among scholars (e.g., Beaver and Rosen 1978, 
1979a, 1979b, Melin, 2000, Autry and Griffis 2005, Kuhn 1962, Barnett et. al. 1988). 
Due to the benefits of the collaboration, there is a tendency among scholars to collaborate 
with other researchers or practitioners. SNA studies can help in this partner finding 
process by offering empirical and visual data on the linkage between researchers and 
topics including an evolution pattern of a particular field of study. On the contrary to non-
network-type of studies, social network analysis study includes relevant relational 
information beyond the attributes of individual actor which helps understanding 
individuals and communities behaviour relating to their social structures (Yan and 
Assimakopoulos, 2009). Previously SNA has been successfully used to study various 
types of scientific communities (e.g. Newman 2001, Morlacchi et. al. 2005, Vidgen et. al. 
2007) including global open innovation research (Su and Lee 2012) and a network 
structure of ISPIM community (Santonen and Ritala 2012). These studies have 
demonstrated the usefulness of SNA to reveal underlying structures of scientific domain. 
Until now, SNA method has not yet been applied to the crowdsourcing research 
community. 
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research, not a research subject as such. To conclude this finding we suggest that 
crowdsourcing approach provides innovative way to conduct research, even if those 
publications do not study crowdsourcing as phenomenon per se. Our observation is in-
line with previous suggestions by Burmester at. al 2011 who argued that crowdsourcing 
is a fast tool to obtain high-quality data inexpensively or a tool to conduct all kinds of 
experiments Paolacci et al. (2010). Besides Amazon Mechanical Turk application, 
Twitter, Wikipedia and undefined “location based services” were the best ranking 
keywords when only application names are considered. 
The second ranking keyword with 161 connections was human computation, which 
instead of innovation management is more related to Information System (IS) domain. 
Furthermore, besides the human computation keyword we identified other more IS 
domain related terms such as open source, online community, mobile/mobile phone, data 
mining, sematic web, machine learning and video. This finding gave more support to our 
previous suggestion that IS scholar and topics appears to dominate within the 
crowdsourcing community. However, in further studies this suggestion should be verified 
statistically by doing additional classification analysis between IS and Innovation 
management scholars. As a result it has been natural progress that the major conceptual 
framework efforts regarding crowdsourcing have become from IS field (Zhao and Zhu, 
2012) instead of innovation management. 
Third, the keyword related ego analysis revealed that from theoretical point of view 
scholar clearly see the crowdsourcing as a part of larger social media, web 2.0, social 
networking/network phenomenon. We want to remark that in our keyword analysis we 
did not unite e.g. social network or social networking term, which would have even more 
amplify these keywords presence among crowdsourcing research themes. 
5 Conclusions 
In order to describe the structure and development path of the crowdsourcing research 
community and themes, a bibliographic analysis grounded social network analysis (SNA) 
was conducted. With the help of standard methodology of SNA and various additional 
descriptive statistical analysis we identified the co-author network structure and main 
research themes and the inter-linkage of these nodes from the temporal evolution point of 
view. We also described and compared the author and keyword network structures with 
each other. As a result we were able to provide comprehensive outlook to the 
crowdsourcing community in its current and historical state. 
Our results are limited since this study covered only author and keyword viewpoints. 
Moreover, the bibliographical search and the followed publication filtering process 
included in the dataset only the publication which had crowdsourcing term as a keyword 
excluding all other possible crowdsourcing studies from the analysis. In addition, we 
were using the crowdsourcing keyword and it’s position among publication’s keyword 
list as relevance validator of publication. To ensure the genuine relevance of the 
publication as crowdsourcing publication, one should do more detailed content analysis 
and include/exclude publication on the basis of manual selection. Moreover, the future 
studies should evaluate also the keyword component structure from evolutionary point of 
view and compare these results with the co-author network structure evolution.  
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Appendix 1 
Table 1. An annual distribution of crowdsourcing publications (N=493) 
Year Frequency Per cent Cumulative 
per cent 
Annual growth 
2007 1 0.2 0.2  
2008 7 1.4 1.6 7.00 
2009 26 5.3 6.9 3.71 
2010 80 16.2 23.1 3.08 
2011 210 42.6 65.7 2.63 
2012 168 34.1 99.8 )* 0.80 Æ 0.91 estimation based on even 
annual publication frequency  
2013 1 0.2 100  
)* NOTE: Data collection was finished in October 2012. 
 
Table 2. Relative location of crowdsourcing keyword (N=493) 
Position of the crowdsourcing keyword Frequency Per cent Cumulative per cent 
Crowdsourcing as the 1. keyword 219 44.4 44.4 
Crowdsourcing as the 2. keyword 124 25.2 69.6 
Crowdsourcing as the 3. keyword 78 15.8 85.4 
Crowdsourcing as the 4. keyword 38 7.7 93.1 
Crowdsourcing as the 5. keyword 16 3.2 96.3 
Crowdsourcing as the 6. keyword 12 2.4 98.8 
Other positions 6 1.2 100 
 
Table 3. Distribution of number of authors per publication (N=493) 
Number of authors Frequency Per cent Cumulative per cent 
1 82 16.6 16.6 
2  116 23.5 40.2 
3 133 27.0 67.1 
4  90 18.3 85.4 
5  37 7.5 92.9 
6 18 3.7 96.6 
7 or more 17 3.4 100.0 
 
Table 4. Crowdsourcing co-author network: size and growth. 
Years Total 
number of 
authors 
Number of new 
authors 
Cumulative share 
compared to 2012 
population 
Annual 
growth 
2007 3 3 0.3 %  
2007 – 2008 10 7 1.0 % 3.33 
2007 – 2009 69 59 6.6 % 6.90 
2007 – 2010 248 179 23.6 % 3.59 
2007 – 2011 639 391 60.9 % 2.58 
2007 – 2012 1050 411 100.0 % 1.64 
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Appendix 2 
Table 1. Distribution of the number of authors per component in year 2012 
Component size  
(number of authors) 
Frequency Per cent Total number  
of authors with 
in component(s) 
Cumulative per 
cent of the number 
of authors  
77 1 7.3 %  77 7.3 % 
26 1 2.5 %  26 9.8 % 
16 1 1.5 %  16 11.3 % 
11 2 2.1 %  22 13.4 % 
10 3 2.9 %  30 16.3 % 
9 8 6.9 %  72 23.1 % 
8 4 3.0 %  32 26.2 % 
7 9 6.0 %  63 32.2 % 
6 16 9.1 %  96 41.3 % 
5 30 14.3 %  150 55.6 % 
4 41 15.6 %  164 71.2 % 
3 60 17.1 %  180 88.4 % 
2 61 11.6 %  122 100.0 % 
 
Table 2. Crowdsourcing network in year 2012 – Ego analysis 1 of 1050 authors 
 Betweenness centrality   Degree centrality   
1 Hartmann B.(USA) [1] 1153.900  1 Hartmann B. (USA) [1] 37  
2 Miller Robert (USA) [1] 1020.300  2 Schall Daniel (AT) [5a] 33  
3 Ackerman Mark (USA) [1] 892.000  3 Dustdar Schahram (AT) [5a] 30  
4 Bernstein M. (USA) [1] 650.167  4 Miller Robert (USA) [1] 26  
5 Horton John (USA) [1] 355.000  5 Bernstein M. (USA) [1] 24  
6 Kittur Aniket (USA) [1] 348.433  6 Vukovic Maja (USA) [3] 21  
7 Bigham Jeffrey (USA) [1] 253.000  7 Ackerman Mark (USA) [1] 21  
8 Shaw Aaron (USA) [1] 221.000  8 Psaier Harald (AT) [5a] 17  
9 Lease Matthew (USA) [2] 201.000  9 Kittur Aniket (USA) [1] 17  
10 Yilmaz Emine (UK) [2] 184.000  10 Kulkarni Anand (USA) [1] 17  
11 Horvitz Eric (USA) [1] 148.000  11 10 authors 16  
12 Klemmer Scott (USA) [1] 148.000  12 1 author 15  
13 Alonso Omar (GER) [2] 125.000  13 1 author 14  
14 Chilton Lydia (USA) [1] 122.500  14 3 authors 13  
15 Lasecki Walter (USA) [1] 105.000  15 16 authors 12  
16 Greenshpan Ohad (IL) [3] 68.000  16 13 authors 11  
17 Kazai Gabriella (UK) [2] 66.000  17 7 authors 10  
18 Vukovic Maja (USA) [3] 64.000  18 12authors 9  
19 Karger David (USA) [1] 61.500  19 55 authors 8  
20 Madden S. (USA) [1] 41.367  20 28 authors 7  
21 Hoßfeld Tobias (GER) [4a] 31.000  21 94 authors 6  
22 André Paul (USA) [1] 20.167  22 75 authors 5  
23 Hong Jason (USA) [5b] 20.000  23 188 authors 4  
24 Dustdar Schahram (AT) [5a] 19.000  24 188 authors 3  
25 Kulkarni Anand (USA) [1] 17.000  25 216 authors 2  
26 Garcia-Molina H. (USA) [5c] 16.000  26 133authors 1  
NOTE: Country codes: 1) United States of America = USA, 2) Germany = GER, 3) Austria = AT, 
4) Israel = IL. Numbers [1 to 5c] are used as a component identifier. 
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Appendix 3:  
Table 1. Distribution of the number of keywords per component 
Component size  
(number of 
keywords) 
Frequency Per cent Total number  
of keywords 
with in 
component(s) 
Cumulative per 
cent of the number 
of keywords 
1039 1 1.6 % 1039 83.6 % 
9 1 1.6 % 9 84.3 % 
8 1 1.6 % 8 85.0 % 
7 1 1.6 % 7 85.5 % 
6 3 4.9 % 18 87.0 % 
5 8 13.1% 40 90.2 % 
4 8 13.1 % 32 92.8 % 
3 14 23.0 % 42 96.1 % 
2 24 39.3 % 48 100.0 % 
 
Table 2. Crowdsourcing network – Ego analysis 1 of 1050 keywords 
 Betweenness centrality   Degree centrality   
1 Amazon mechanical turk 19366.1  1 Amazon mechanical turk 172  
2 Human_computation 19361.0  2 Human computation 161  
3 Collective intelligence 19110.7  3 Collective intelligence 112  
4 Open innovation 17755.5  4 Open innovation 106  
5 Web 2.0 14369.2  5 Web 2.0 97  
6 Social media 14251.6  6 Social media 89  
7 Social network 13729.0  7 Social network 64  
8 Collaboration 13369.6  8 Online community 60  
9 Online community 13129.9  9 Collaboration 54  
10 Motivation 12747.1  10 Social networking 48  
11 Social computing 12109.1  11 Wisdom of crowds 43  
12 Games with a purpose 11766.4  12 Motivation 36  
13 Twitter 11302.0  13 Governance 36  
14 Crowds 10543.8  14 Smart city 36  
15 Wisdom of crowds 10031.0  15 Social computing 35  
16 Community 9721.7  16 Co-creation 32  
17 Governance 9704.8  17 Mobile 30  
18 Innovation 9432.8  18 Open source 28  
19 Co-creation 9301.5  19 Games with a purpose 28  
20 Privacy 19366.1  20 Incentive 26  
21 Data mining 19361.0  21 Innovation 25  
22 Crisis informatics 19110.7  22 Twitter 25  
23 Coordination 17755.5  23 Data mining 24  
24 Location based service 14369.2  24 e-government 24  
25 Open source 14251.6  25 Semantic web 23  
26 Social networking 13729.0  26 Evaluation 22  
27 Quality assurance 13369.6  27 Volunteer geographic inf. 22  
28 Wikipedia 13129.9  28 Machine learning 22  
29 Reliability 12747.1  29 Crisis informatics 21  
30 Mobile phone 12109.1  30 Video 20  
 
